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METHOD AND APPARATUS FOR SELF TIMING REFRESH 



FIELD OF THE INVENTION 

The present invention relates to memory systems; more particularly, the 
present invention relates to triggering refreshes in a memory system. 
BACKGROUND OF THE INVENTION 

Mobile computer systems are capable of shutting down power to most of its 
subsystems while maintaining the content of the memory. This provides a mobile 
computer with a low power mode that enables power conservation. The low power 
mode may be entered following a period of inactivity while the computer is powered 
up. From the low power mode, the mobile computer can quickly resume complete 
system operation. While operating in the low power mode, the main memory must be 
periodically refreshed to recharge electrical cells in order to maintain data integrity. 
Accordingly, a system memory controller within the computer system typically 
refreshes the main memory while the computer is operating in the low power mode. 

Figure 1 is a block diagram of an exemplary computer system 100. Computer 
system 100 includes processor 105 coupled to processor bus 1 10. Processor 105 is 
also coupled to memory controller 120. Main memory 1 13 is coupled to processor 
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bus 1 10 through memory controller 120. Main memory 1 13 stores sequences of 
instructions that are executed by processor 105. Processor bus 1 10 is also coupled to 
a Peripheral Component Interconnect (PCI) standard bus 130 by memory controller 
120. Bus bridge 140 couples PCI bus 130 to an Industry Standard Architecture (ISA) 
5 bus 150. 

Memory controller 120 is also coupled to bus bridge 140 via a power status 
line (STAT) and an external clock source (PDRCLK). A STAT signal is transmitted 
from bus bridge 140 to memory controller 120 in order to indicate whether computer 
system 100 is in the low power mode. PDRCLK provides a clock source to memory 

10 controller 120 during the low power mode in order to provide a reference for 
triggering main memory refreshes. 

One problem with typical computer systems such as computer system 100 is 
that providing an external clock source, such as PDRCLK, to trigger a memory 
refresh requires an additional pin to be used at memory controller 120. The presence 

15 of additional pins at memory controller 120 may potentially lead to an increase in 

circuit complexity within computer system 100. Further, additional pins may result in 
an increase in the cost of manufacturing memory controller 120. Therefore, it would 
be desirable to provide a memory controller with an internal clock source for 
triggering a memory refresh. 



SUMMARY OF THE INVENTION 

According to one embodiment, the present invention discloses a computer 
system that includes a memory and a memory controller. The memory controller 
includes a refresh timing circuit that generates clock pulses. The clock pulses are 
used to trigger memory refresh events. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be understood more fully from the detailed 
description given below and from the accompanying drawings of various 
embodiments of the invention. The drawings, however, should not be taken to limit 
5 the invention to the specific embodiments, but are for explanation and understanding 
only. 

Figure 1 is a block diagram of an exemplary embodiment of a computer 

system. 

Figure 2 is a block diagram of one embodiment of a computer system in 
10 accordance with one embodiment of the present invention. 

Figure 3 is a memory controller in accordance with one embodiment of the 
present invention. 

Figure 4 is a block diagram of refresh timing unit in accordance with one 
embodiment of the present invention. 
15 Figure 5 is a flow diagram of the operation of a refresh timing unit in 

accordance with one embodiment of the present invention. 

Figure 6 is a flow diagram of the operation of a refresh timing unit in 
accordance with one embodiment of the present invention. 



Figure 7 is a block diagram of refresh timing unit in accordance with one 
embodiment of the present invention; and 

Figure 8 is a block diagram of an internal clock generator in accordance with 
one embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE PRESENT INVENTION 

Figure 2 is a block diagram of one embodiment of a computer system 200. 
Computer system 200 includes processor 205 coupled to processor bus 210. In one 
embodiment, processor 205 is a processor in the Pentium® family of processors 
5 including the Pentium® II family and mobile Pentium® and Pentium® II processors 
available from Intel Corporation of Santa Clara, California. Alternatively, other 
processors may be used. Processor 205 may include a first level (LI) cache memory 
(not shown in Figure 1). 

In one embodiment, processor 205 is also coupled to cache memory 207, 
10 which is a second level (L2) cache memory, via dedicated cache bus 202. The LI and 
L2 cache memories can also be integrated into a single device. Alternatively, cache 
memory 207 may be coupled to processor 205 by a shared bus. Cache memory 207 is 
optional and is not required for computer system 200. 

Chip set 220 is also coupled to processor bus 210. In one embodiment, chip 
15 set 220 is the 440BX chip set available from Intel Corporation; however, other chip 
sets can also be used. Chip set 220 may include a memory controller for controlling a 
main memory 213. Main memory 213 is coupled to processor bus 210 through chip 
set 220. Main memory 213 and cache memory 207 store sequences of instructions 
that are executed by processor 205. In one embodiment, main memory 213 includes 
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an extended data out dynamic random access memory (EDO DRAM); however, main 
memory 213 may have other configurations. The sequences of instructions executed 
by processor 205 may be retrieved from main memory 213, cache memory 207, or any 
other storage device. Additional devices may also be coupled to processor bus 210, 
5 such as multiple processors and/or multiple main memory devices. Computer system 
200 is described in terms of a single processor; however, multiple processors can be 
coupled to processor bus 210. Video device 225 is also coupled to chip set 220. In 
one embodiment, video device includes a video monitor such as a cathode ray tube 
(CRT) or liquid crystal display (LCD) and necessary support circuitry. 

10 Processor bus 210 is coupled to system bus 230 by chip set 225. In one 

embodiment, system bus 230 is a Peripheral Component Interconnect (PCI) standard 
bus; however, other bus standards may also be used. Multiple devices, such as audio 
device 227, may be coupled to system bus 230. 

Bus bridge 240 couples system bus 230 to secondary bus 250. In one 

15 embodiment, secondary bus 250 is an Industry Standard Architecture (ISA) bus; 
however, other bus standards may also be used, for example Extended Industry 
Standard Architecture (EISA). Multiple devices, such as hard disk 253 and disk drive 
254 may be coupled to secondary bus 250. Other devices, such as cursor control 
devices (not shown in Figure 2), may be coupled to secondary bus 250. 
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According to one embodiment, computer 200 operates in either a normal 
mode or a low power mode. Computer system 200 is in the low power mode 
whenever power is shutdown to most of its subsystems (e.g., processor 205, and video 
device 225). However, the content of main memory 213 is maintained while 
5 computer system 200 is in the low power mode. 

Figure 3 illustrates a memory controller 300 in accordance with one 
embodiment of the present invention. Memory controller 300 includes memory 
interface control unit 310, refresh unit 320 and refresh timing unit 330. Memory 
controller 300 accesses main memory 213 based upon commands received from 

10 processor 205 and one or more peripheral devices such as video device 227 coupled 
to chip set 220. Memory controller 300 may read data from, and write data to, main 
memory 213. For some operations such as main memory refresh, memory controller 
300 must access all portions of main memory 213 within a deterministic time period. 
According to one embodiment, memory controller 300 is included within chip set 

15 220. 

Memory interface control unit 3 10 is coupled to refresh unit 320 and refresh 
timing unit 330. Memory interface control unit 310 coordinates access to main 
memory 213 by various agents, such as processor 205, video device 225 and refresh 
unit 320. In addition, memory interface control unit 310 transmits memory cycles to 
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main memory 113. One of ordinary skill in the art will appreciate that other agents or 
devices may be coupled to memory interface control unit 3 10 in order to gain access 
to main memory 213. 

Refresh unit 320 is coupled to refresh timing unit 330 and recharges electrical 
5 cells within main memory 213 in order to maintain data integrity. Refresh unit 

receives a REFRESH signal from refresh timing unit 330 in order to trigger a refresh 
event. Refresh unit 320 also receives a power status signal (STAT) from bus bridge 
240. STAT is an indicator of whether computer system 200 is operating in a normal 
mode or a low power mode. The low power mode of operation enables power 
10 conservation whenever computer system 200 is powered up, but has not recently been 
used. Additionally, refresh unit 230 receives HOST CLK from processor 205. 

Refresh timing unit 330 also receives the HOST CLK and STAT signals. In 
addition, refresh timing unit 330 receives a reset signal (RST) that is used to reset 
circuitry internal to refresh timing unit 330. Figure 4 is a block diagram of refresh 
15 timing unit 330 in accordance with one embodiment of the present invention. Refresh 
timing unit 330 includes an internal clock generator 432, counter 434, buffer 436, 
comparator 438 and multiplexer 450. 

Refresh timing unit 330 triggers main memory 213 refresh events. Refresh 
events are triggered based upon HOST CLK whenever computer system 200 is 
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operating in the normal mode. HOST CLK is a timing reference used to generate 
normal refreshes at repeatable deterministic intervals. According to one embodiment, 
memory refreshes are triggered every 15.6 microseconds. However, one of ordinary 
skill in the art will appreciate that refresh cycles may occur at other frequencies. 
5 Refresh timing unit 330 also triggers refresh events whenever computer system 200 is 
operating in the low power mode. 

Internal clock generator 432 generates refresh trigger events, both in the 
normal mode and low power mode. Figure 8 is a block diagram of internal clock 
generator 432. Internal clock generator 432 includes a host clock refresh counter 834 

10 and clock generator 836. Host clock refresh counter 834 is a logic block that 

references the HOST CLK signal in order to generate a refresh trigger (N_REFRESH) 
whenever computer system 200 is operating in the normal mode. Host clock refresh 
counter 834 also generates a NORM_RST and LOAD signal. Clock generator 836 
generates an oscillating clock signal (OSCLK) that triggers memory refreshes in the 

15 low power mode of operation for computer system 200. However, clock generator 
836 is active at all times (i.e., in normal mode and low power mode). 

According to one embodiment, clock generator 836 is a ring oscillator 
implemented using a chain of thirty-six (37) serially coupled inverters. The OSCLK 
signal is generated each time a signal completely propagates through the chain of 
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inverters. One of ordinary skill in the art will appreciate that clock generator 836 may 
be implemented using other quantities of inverters. Further, other clock generation 
methods may be used to implement clock generator 836., 

Referring back to Figure 4, counter 434 is coupled to internal clock generator 
5 432 and increments each time an OSCLK pulse is received from clock generator 836. 
Counter 434 counts the number of OSCLK pulses generated while computer system 
200 operating in both the normal and low power modes. Counter 434 also receives 
the STAT, RST and NORM-RST signals. Counter 434 receives the RST signal for 
initialization upon system startup. The NORM-RST signal is received at counter 434 
10 in order to provide a reset after each refresh in the normal mode. Additionally, an 
LP_RST signal is received from comparator 438 after each refresh in low power 
mode in order to reset counter 434. 



Further, counter 434 transmits a COUNT signal to comparator 438 after each 
15 increment at times computer system 200 is operating in the low power mode. 

Counter 434 also transmits a VALUE signal to buffer 436. VALUE represents the 
number of OSCLK pulses received by counter 434 between normal mode memory 
refreshes. Buffer 436 is coupled to counter 434 and stores the VALUE signals 
received from counter 434. Buffer 436 accepts the VALUE signals upon receiving 
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the LOAD signal from host clock refresh counter 834 within internal clock generator 
432. LOAD indicates that a normal refresh has been triggered and that new VALUE 
signals are ready to be transferred to buffer 436. 

In addition, buffer 436 transmits a BUF signal to comparator 438 whenever 
5 computer system 200 transitions from the normal mode to the low power mode. BUF 
represents the frequency at which refresh events are to be triggered during low power 
mode operation. According to one embodiment, buffer 436 is implemented using one 
or more storage registers. However, one of ordinary skill in the art will appreciate 
that other memory devices may be used to implement buffer 436. 

10 Comparator 438 is coupled to internal clock generator 432, counter 434, 

buffer 436 and multiplexer 450. Comparator 438 compares the COUNT signal 
received from counter 434 with the BUF signal received from buffer 436 while 
computer system 200 is operating in the low power mode. Once a match is detected 
between COUNT and BUF, a signal (LPJtEFRESH) is transmitted to multiplexer 

15 450. Also, comparator 438 transmits the LP_RST signal to counter 434 upon a match 
between COUNT and BUF. 

Multiplexer 450 selects between the N_REFRESH and LP_REFRESH signals 
based upon the STAT signal. If STAT indicates that computer system 200 is 
operating in the normal mode, N_REFRESH is transmitted to refresh unit 320 as 
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REFRESH in order to trigger a memory refresh. However, if STAT indicates that 
computer system 200 is operating in the low power mode, LP__REFRESH is 
transmitted as REFRESH. 

As described above, memory refreshes are triggered based upon a HOST CLK 
5 reference whenever computer system 200 is operating in the normal mode. After a 
normal mode refresh, counter 434 is reset upon receiving the NORM_RST signal. 
Figure 5 is a flow diagram of the operation of refresh timing unit 330 while operating 
in the normal mode. At process block 510, counter 434 commences to count OSCLK 
pulses generated by clock generator 836. Counter 434 increments upon each received 
10 OSCLK pulse. OSCLK pulses are counted until a subsequent memory refresh is 

triggered by host clock counter 834. Alternatively, as will be described later, counter 
434 is interrupted upon receiving the STAT signal indicating a transition into the low 
power mode. 

At process block 520, a subsequent memory refresh is triggered by host clock 
15 counter 834. As described above, memory refreshes are triggered every 15.6 

microseconds. At process block 530, the incremented count (i.e., the number of 
OSCLK pulses received by counter 434 between normal refresh cycles) is transmitted 
to buffer 436 as VALUE. At process block 540, counter 434 is again reset after the 
refresh, and control is returned to process block 510 wherein counter 434 begins 
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counting OSCLK pulses again. According to one embodiment, the normal mode 
operation of refresh timing unit 330 is continually repeated in order to periodically 
update the number of OSCLK pulses that occur during a refresh cycle. Consequently, 
timing refresh unit continuously tracks of the number of OSCLK pulses that occur 
5 between memory refreshes whenever it is operating in the normal mode. 

The tracking of OSCLK pulses that occur while computer system 200 is 
operating in the normal mode is essentially a calibration feature of the present 
invention. The number of OSCLK transitions that occur between each normal refresh 
dictates the number of OSCLK pulses that are to be received by counter 434 before 

10 triggering a low power mode refresh. However, due to the potential difference of 
voltage and temperature conditions, or process skew, within computer system 200, 
operating conditions may vary. Accordingly, the frequency of OSCLK pulses 
generated by clock generator 836 between normal mode refreshes may vary. Hence, 
refresh timing unit 330 functions as automatic compensation circuitry that 

15 continuously evaluates the time between normal refresh events while computer 
system 200 is in the normal mode of operation. 

Upon receiving the STAT signal indicating that computer system 200 is 
transitioning from the normal mode to the low power mode, the function of refresh 
timing unit 330 switches from calibration circuitry to a refresh trigger. Figure 6 is a 
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flow diagram of the operation of refresh timing unit 330 while operating in the low 
power mode. At process block 610, refresh timing unit 330 transitions from the 
normal mode to the low power mode. At process block 620, buffer 436 transmits 
BUF to comparator 438. As described above, BUF represents the refresh frequency 
5 while operating in the low power mode. At process block 630, comparator 438 
transmits the LP_RST which causes counter 434 to reset. 

At process block 640, counter 434 begins counting OSCLK pulses received 
from clock generator 836. As each pulse is received, counter 434 is incremented. 
Each incremented value is, in turn, transmitted to comparator 438 as COUNT. At 

10 process block 650, it is determined whether the COUNT value is equal to the BUF 
value stored in comparator 438. If it is determined that COUNT is unequal to BUF, 
control is returned to process block 640 wherein counter receives a subsequent 
OSCLK pulse. If it is determined that COUNT is equal to BUF, comparator 438 is 
enabled and transmits the LP_REFRESH signal multiplexer 450. Multiplexer 450, in 

15 turn, transmits a REFRESH signal to refresh unit 320. Refresh unit arbitrates and is 
granted access to main memory 213 wherein a refresh is executed. 

At process block 670 it is determined whether the STAT signal has been 
received, indicating a transition from the low power mode back to the normal mode. 
If it is determined that the STAT signal has not been received, control is returned 
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back to process block 630 wherein comparator 438 transmits the LPJRST signal and 
counter 434 is reset. If the STAT signal has been received, refresh timing unit 330 
returns to the normal mode of operation, process block 680. 

Figure 7 is a block diagram of another embodiment of refresh timing unit 330 
5 in which the functions of counter 434 is divided between counters 733 and 735. In 
this embodiment, counter 735 operates while computer system 200 is in the normal 
mode and counter 733 operates while computer system 200 is in the low power mode. 
Counter 735 is coupled to internal clock generator 432 and buffer 436, and counts 
OSCLK pulses generated by clock generator 836 between normal mode memory 

10 refreshes. Additionally, counter 735 transmits VALUE upon buffer 436 receipt of the 
LOAD signal indicating a refresh event. 

Upon receiving the STAT signal indicating a transition to the low power 
mode, counter 735 is deactivated and counter 733 is activated. Subsequently, counter 
733 begins counting OSCLK pulses and transmitting the incremented COUNT values 

15 to comparator 438. Upon a transition from the low power mode back to the normal 
mode, counter 733 is deactivated and counter 735 is again activated. 
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Thus, a method and apparatus providing a memory controller with an internal 
clock source for triggering a memory refresh has been described 
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CLAIMS 



What is claimed is: 



1 



A computer system comprising: 



2 



a memory; and 



3 



a memory controller, wherein the memory controller includes a refresh 



4 



timing circuit for generating clock pulses used to trigger memory refresh 



5 



events. 



1 2. The computer system of claim 1, wherein the refresh timing circuit triggers 

2 memory refresh events whenever the computer system is operating in a normal mode 

3 and a low power mode. 

1 3. The computer system of claim 2, wherein the refresh timing circuit further 

2 comprises: 

3 a clock generator for generating the clock pulses; 

4 a first counter coupled to the clock generator; 

5 a storage register coupled to the clock generator and the counter; and 

6 a comparator coupled to the clock generator, the counter and the 

7 storage register. 
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1 4. The computer system of claim 3, wherein the first counter counts the number 

2 of clock pulses generated by the clock generator. 

1 5. The computer system of claim 4, wherein the first counter transmits data to the 

2 storage register whenever the computer system is operating in the normal mode, the 

3 data representing the number of clock pulses counted by the counter since the 

4 occurrence of a prior memory refresh event. 

1 6. The computer system of claim 5, wherein the storage register transmits the 

2 data to the comparator upon a transition from the normal mode to the low power 

3 mode. 

1 7. The computer system of claim 6, wherein the first counter transmits signals to 

2 the comparator whenever the computer system is operating in the low power mode, 

3 the signal representing the number of clock pulses received from the clock generator. 

1 8. The computer system of claim 7, wherein the comparator compares the signal 

2 received from the first counter and the data received from the storage register, and 

3 wherein the comparator transmits a refresh trigger signal whenever there is a match 

4 between the signal and the data. 
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1 9. The computer system of claim 4, wherein the refresh timing circuit further 

2 comprises a second counter. 

1 10. The computer system of claim 9, wherein the first counter counts the number 

2 of clock pulses generated by the clock generator while the computer system is 

3 operating in the low power mode and the second counter counts the number of clock 

4 pulses generated by the clock generator while the computer system is operating in a 

5 normal mode. 

1 11. The computer system of claim 10, wherein the second counter transmits data 

2 to the storage register upon the occurrence of a memory refresh event whenever the 

3 computer system is operating in the normal mode, the data representing the number of 

4 clock pulses counted by the counter since the occurrence of a previous memory 

5 refresh event. 

1 12. The computer system of claim 1 1 , wherein the second counter is deactivated 

2 and the first counter is activated whenever the computer system transitions from the 

3 normal mode to the low power mode. 
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1 13. The computer system of claim 12, wherein the first counter transmits signals 

2 to the comparator whenever the computer system is operating in the low power mode, 

3 the signal representing the number of clock pulses received from the clock generator. 

1 14. The computer system of claim 3, wherein the refresh timing circuit includes a 

2 second counter for triggering memory refresh events whenever the computer system is 

3 operating in the normal mode 

1 15. The computer system of claim 1 , wherein the memory is an Extended Data 

2 Out Dynamic Random Access Memory (EDO DRAM) and the memory controller is 

3 an EDO DRAM controller. 

1 16. An Extended Data Out Dynamic Random Access Memory (EDO DRAM) 

2 controller comprising: 

3 a refresh timing circuit for generating clock pulses used to trigger 

4 memory refresh events. 

1 17. The computer system of claim 16, wherein the refresh timing circuit further 

2 comprises: 

3 a clock generator; 

4 a first counter coupled to the clock generator; 
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5 a storage register coupled to the clock generator and the counter; and 

6 a comparator coupled to the clock generator, the counter and the 

7 storage register. 

1 18. The EDO DRAM controller of claim 17, wherein the EDO DRAM controller 

2 operates in a normal mode and a low power mode. 

1 19. The EDO DRAM controller of claim 18, wherein the first counter counts the 

2 number of clock pulses generated by the clock generator. 

1 20. The EDO DRAM controller of claim 19, wherein the first counter transmits 

2 data to the storage register whenever the EDO DRAM controller is operating in the 

3 normal mode, the data representing the number of clock pulses counted by the counter 

4 since the occurrence of a previous memory refresh event. 

1 21. The EDO DRAM controller of claim 20, wherein the storage register transmits 

2 the data to the comparator upon a transition from the normal mode to the low power 

3 mode. 

1 22. The EDO DRAM controller of claim 21, wherein the first counter transmits 

2 signals to the comparator whenever the EDO DRAM controller is operating in the 
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3 low power mode, the signal representing the number of clock pulses received from 

4 the clock generator. 

1 23. The EDO DRAM controller of claim 22, wherein the comparator compares 

2 the signal received from the first counter and the data received from the storage 

3 register, and wherein the comparator transmits a refresh trigger signal whenever there 

4 is a match between the signal and the data. 

1 24. The EDO DRAM controller of claim 19, wherein the refresh timing circuit 

2 further comprises a second counter. 

1 25 . The EDO DRAM controller of claim 24, wherein the first counter counts the 

2 number of clock pulses generated by the clock generator while the EDO DRAM 

3 controller is operating in the low power mode and the second counter counts the 

4 number of clock pulses generated by the clock generator while the EDO DRAM 

5 controller is operating in the normal mode. 

1 26. The EDO DRAM controller of claim 25, wherein the second counter transmits 

2 data to the storage register upon the occurrence of a memory refresh event whenever 

3 the EDO DRAM controller is operating in the normal mode, the data representing the 
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4 number of clock pulses counted by the counter since the occurrence of a previous 

5 memory refresh event. 



1 27. The EDO DRAM controller of claim 26 5 wherein the second counter is 

2 deactivated and the first counter is activated whenever the EDO DRAM controller 

3 transitions from the normal mode to the low power mode. 

1 28. The EDO DRAM controller of claim 27, wherein the first counter transmits 

2 signals to the comparator whenever the EDO DRAM controller is operating in the 

3 low power mode, the signal representing the number of clock pulses received from 

4 the clock generator. 

1 29. A method of calibrating a refresh timer in a computer system, the method 

2 comprising: 

3 counting a first set of clock pulses received at a counter from a clock 

4 generator; 

5 receiving a signal indicating that a memory refresh event has been 

6 triggered; and 

7 storing a first count representing the number of clock cycles received 

8 at the counter before receiving the signal. 
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1 30. The method of claim 29, further comprising: 



2 



resetting the counter after storing the first count; 



3 



counting a second set of clock pulses; 



4 



receiving the signal indicating that a memory refresh event has been 



5 



triggered; and 



6 



storing a second count. 



1 31. The method of claim 29, wherein the refresh timer is a low power mode 

2 refresh timer. 

1 32. In a computer system having a normal mode of operation and a low power 

2 mode of operation, a method of triggering a memory refresh event while the computer 

3 system is operating in the low power mode, the method comprising: 

4 transmitting a frequency value to a comparator, the frequency value 

5 representing the frequency at which to trigger memory refresh events; 

6 transmitting a first clock pulse count to the comparator; 

7 determining whether the first clock pulse count is equal to the 

8 frequency value; and J 

9 transmitting a first refresh signal. 

1 33. The method of claim 32, further comprising: 
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2 



transmitting a second clock pulse count to the comparator if it is 



3 



determined that the first clock pulse is not equal to the frequency value; 



4 



determining whether the second clock pulse count is equal to the 



5 



frequency value; and 



6 



transmitting the first refresh signal. 



1 34. The method of claim 32, further comprising transitioning from the normal 

2 mode of operation to the low power mode of operation before transmitting the 

3 frequency value to the comparator. 

1 35. The method of claim 32, wherein the process of transmitting the first clock 

2 pulse count to the comparator further comprises: 

3 transmitting a clock pulse from a clock generator to a counter; 

4 incrementing the counter; and 

5 transmitting the incremented count to the comparator. 

1 36. The method of claim 35, further comprising resetting the counter before 

2 transmitting the clock pulse from the clock generator. 

1 37. The method of claim 35, further comprising: 

2 resetting the counter after transmitting the refresh signal; 
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3 transmitting a second clock pulse count to the comparator; 

4 determining whether the second clock pulse count is equal to the 

5 frequency value; and 

6 transmitting a second refresh signal 
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ABSTRACT OF THE DISCLOSURE 

According to one embodiment, the present invention discloses a computer 
system that includes a memory and a memory controller. The memory controller 
includes a refresh timing circuit that generates clock pulses. The clock pulses are 
used to trigger memory refresh events. According to a further embodiment, the 
refresh timing circuit includes a clock generator, a counter coupled to the clock 
generator and a storage register coupled to the clock generator and counter. Further, 
the refresh timing circuit includes a comparator coupled to the clock generator, the 
counter and the storage register. 
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Attorney's Docket No.: 042390.P5549 PATENT 

DECLARATION AND POWER OF ATTORNEY FOR PATENT APPLICATION 
(FOR INTEL CORPORATION P ATENT APPLICATIONS) 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below, next to my name. 

I believe I am the original, first, and sole inventor (if only one name is listed below) or an 
original, first, and joint inventor (if plural names are listed below) of the subject matter 
which is claimed and for which a patent is sought on the invention entitled 

METHOD AND APPARATUS FOR SELF TIMING REFRESH 

the specification of which 

X is attached hereto. 

was filed on as 

United States Application Number 

or PCT International Application Number , 

and was amended on . 

(if applicable) 

I hereby state that I have reviewed and understand the contents of the above-identified 
specification, including the claim(s), as amended by any amendment referred to above. I 
do not know and do not believe that the claimed invention was ever known or used in the 
United States of America before my invention thereof, or patented or described in any 
printed publication in any country before my invention thereof or more than one year 
prior to this application, that the same was not in public use or on sale in the United States 
of America more than one year prior to this application, and that the invention has not 
been patented or made the subject of an inventor's certificate issued before the date of this 
application in any country foreign to the United States of America on an application filed 
by me or my legal representatives or assigns more than twelve months (for a utility 
patent application) or six months (for a design patent application) prior to this 
application. 

I acknowledge the duty to disclose all information known to me to be material to 
patentability as defined in Title 37, Code of Federal Regulations, Section 1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, Section 
119(a)-(d), of any foreign application(s) for patent or inventor's certificate listed 
below and have also identified below any foreign application for patent or inventor's 
certificate having a filing date before that of the application on which priority is claimed: 
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Prior Foreign Application(s) 



Priority 
Claimed 



(Number) (Country) (Day/Month/Year Filed) Yes No 



(Number) (Country) (Day/Month/Year Filed) Yes No 



(Number) (Country) (Day/Month/Year Filed) Yes No 

I hereby claim the benefit under title 35, United States Code, Section 119(e) of any United 
States provisional application(s) listed below 



(Application Number) Filing Date 



(Application Number) Filing Date 



I hereby claim the benefit under Title 35, United States Code, Section 120 of any United 
States application(s) listed below and, insofar as the subject matter of each of the claims 
of this application is not disclosed in the prior United States application in the manner 
provided by the first paragraph of Title 35, United States Code, Section 112, I 
acknowledge the duty to disclose all information known to me to be material to 
patentability as defined in Title 37, Code of Federal Regulations, Section 1.56 which 
became available between the filing date of the prior application and the national or PCT 
international filing date of this application: 



(Application Number) Filing Date (Status - patented, 

pending, abandoned) 



(Application Number) Filing Date (Status - patented, 

pending, abandoned) 
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I hereby appoint Farzad E. Amini, Reg. No. P42.261 ; Aloysius T. C. AuYeung, Reg. No. 35,432; 
Amy M. Armstrong, Reg. No. 42,265; William Thomas Babbitt, Reg. No. 39,591 ; Carol F. Barry, 
Reg. No. 41,600; Jordan Michael Becker, Reg. No. 39,602; Bradley J. Bereznak, Reg. No. 33,474; 
Michael A. Bemadicou, Reg. No. 35,934; Roger W. Blakely, Jr., Reg. No. 25,831; Gregory D. 
Caldwell, Reg. No. 39,926; Kent M. Chen, Reg. No. 39,630; Lawrence M. Cho, Reg. No. 39,942; 
Yong S. Choi, Reg. No. P43.324; Thomas M. Coester, Reg. No. 39,637; Roland B. Cortes, Reg. No. 
39,152; Barbara Bokanov Courtney, Reg. No. 42,442; Michael Anthony DeSanctis, Reg. No. 
39,957; Daniel M. De Vos, Reg. No. 37,813; Robert Andrew Diehl, Reg. No. 40,992; Tarek N. 
Fahmi, Reg. No. 41,402; James Y. Go, Reg. No. 40,621; Richard Leon Gregory, Jr., Reg. No. 
42,607; Dinu Gruia, Reg. No. P42,996; David R. Halvorson, Reg. No. 33,395; Thomas A. 
Hassing, Reg. No. 36,159; Phuong-Quan Hoang, Reg. No. 41,839; Willmore F. Holbrow III, Reg. 
No. P41.845; George W Hoover II, Reg. No. 32,992; EricS. Hyman, Reg. No. 30,139; Dag H. 
Johansen, Reg. No. 36,172; William W. Kidd, Reg. No. 31,772; Michael J. Mallie, Reg. No. 
36,591; Andre L Marais, under 37 C.F.R. § 10.9(b); Paul A. Mendonsa, Reg. No. 42,879; 
Darren J. Milliken, Reg. 42,004; Thinh V. Nguyen, Reg. No. 42,034; Kimberley G. Nobles, Reg. 
No. 38,255; Michael A. Proksch, Reg. No. 43,021; Babak Redjaian, Reg. No. 42,096; James H. 
3 Salter, Reg. No. 35,668; William W. Schaal, Reg. No. 39,018; James C. Scheller, Reg. No. 
3 31,195; Anand Sethuraman, Reg. No. P43.351; Charles E. Shemwell, Reg. No. 40,171; Maria 
LJ McCormack Sobrino, Reg. No. 31,639; Stanley W. Sokoloff, Reg. No. 25,128; Allan T. 
3 Sponseller, Reg. No. 38,318; Judith A. Szepesi, Reg. No. 39,393; Vincent P. Tassinari, Reg. No. 
fl 42,179; Edwin H. Taylor, Reg. No. 25,129; George G. C. Tseng, Reg. No. 41,355; Lester J. 
3 Vincent, Reg. No. 31,460; John Patrick Ward, Reg. No. 40,216; Stephen Warhola, Reg. No. 
43,237; Charles T. J. Weigell, Reg. No. 43,398; Ben J. Yorks, Reg. No. 33,609; and Norman 
Zafman, Reg. No. 26,250; my attorneys, and James A. Henry, Reg. No. 41 ,064; Daniel E. 
Ovanezian, Reg. No. 41,236; Glenn E. Von Tersch, Reg. No. 41,364; and Chad R. Walsh, Reg. No. 
43,235; my patent agents, of BLAKELY, SOKOLOFF, TAYLOR & ZAFMAN LLP, with offices located 
at 12400 Wilshire Boulevard, 7th Floor, Los Angeles, California 90025, telephone (310) 
207-3800, and Alan K. Aldous, Reg. No. 31,905; Robert D. Anderson, Reg. No. 33,826; Joseph 
R. Bond, Reg. No. 36,458; Richard C. Calderwood, Reg. No. 35,468; Cynthia Thomas Faatz, Reg 
No. 39,973; Sean Fitzgerald, Reg. No. 32,027; Seth Z. Kaison, Reg. No. 40,670; David J. 
Kaplan, Reg. No. 41,105; Leo V. Novakoski, Reg. No. 37,198; Naomi Obinata, Reg. No. 39,320; 
Thomas C. Reynolds, Reg. No. 32,488; Steven P. Skabrat, Reg. No. 36,279; Howard A. Skaist, 
Reg. No. 36,008; Steven C. Stewart, Reg. No. 33,555; Raymond J. Werner, Reg. No. 34,752; 
and Charles K. Young, Reg. No. 39,435; my patent attorneys, and Jeffrey S. Draeger, Reg. No. 
41,000; Thomas Raleigh Lane, Reg. No. 42,781; Calvin E. Wells, Reg. No. P43,256; and 
Alexander Ulysses Witkowski, Reg. No. P43.280; my patent agents, of INTEL CORPORATION; and 
James R. Thein, Reg. No. 31,710, my patent attorney; with full power of substitution and 
revocation, to prosecute this application and to transact all business in the Patent and 
Trademark Office connected herewith. 



Send correspondence to Michael J. Mallie , BLAKELY, SOKOLOFF, TAYLOR & 

(Name of Attorney or Agent) 
ZAFMAN LLP, 12400 Wilshire Boulevard, 7th Floor, Los Angeles, California 90025 and 
direct telephone calls to Michael J. Mallie (408) 720-8598. 

(Name of Attorney or Agent) 
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I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made 
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 

Full Name of Sole/First Inventor Zohar Bogin 

Inventor's Signature Date 

Citizenship Israel 

(Country) 

Post Office Address (Business or Residence or P.O. Box) 

171 Wellfleet Circle 

Folsom, California 95630 U.S.A. 

Indicate below with an "X" whether the Post Office Address set forth above is either: 
X Residence Address or 

Business Address or other address where mail is customarily received (e.g., P.O. Box). 

If the Post Office Address set forth above is not a residence address, then provide the City 

and State of Residence 

(City and State of Residence) 



Full Name of Sole/Second Inventor David D. Lent 

Inventor's Signature Date 

Citizenship U.S.A. 

(Country) 

Post Office Address (Business or Residence or P.O. Box) 

828 Oak Terrace 

Placerville. California 95667 U.S.A. 

Indicate below with an "X" whether the Post Office Address set forth above is either: 
X Residence Address or 

Business Address or other address where mail is customarily received (e.g., P.O. Box). 

If the Post Office Address set forth above is not a residence address, then provide the City 

and State of Residence 

(City and State of Residence) 

Full Name of Sole/Third Inventor Vincent Von Bokern 

Inventor's Signature Date 

Citizenship U.S.A. 

(Country) 

Post Office Address (Business or Residence or P.O. Box) 

3500 Lapis Court 

Rescue, California 95672 U.S.A. 

Indicate below with an "X" whether the Post Office Address set forth above is either: 
X Residence Address or 

Business Address or other address where mail is customarily received (e.g., P.O. Box), 

If the Post Office Address set forth above is not a residence address, then provide the City 

and State of Residence 

(City and State of Residence) 
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Title 37, Code of Federal Regulations, Section 1 .56 
Duty to Disclose Information Material to Patentability 



(a) A patent by its very nature is affected with a public interest. The public interest is best served, 
and the most effective patent examination occurs when, at the time an application is being examined, the 
Office is aware of and evaluates the teachings of all information material to patentability. Each individual 
associated with the filing and prosecution of a patent application has a duty of candor and good faith in dealing 
with the Office, which includes a duty to disclose to the Office all information known to that individual to be 
material to patentability as defined in this section. The duty to disclosure information exists with respect to 
each pending claim until the claim is cancelled or withdrawn from consideration, or the application becomes 
abandoned. Information material to the patentability of a claim that is cancelled or withdrawn from 
consideration need not be submitted if the information is not material to the patentability of any claim remaining 
under consideration in the application. There is no duty to submit information which is not material to the 
patentability of any existing claim. The duty to disclosure all information known to be material to patentability 
is deemed to be satisfied if all information known to be material to patentability of any claim issued in a patent 
was cited by the Office or submitted to the Office in the manner prescribed by §§1 .97(b)-(d) and 1 .98. 
However, no patent will be granted on an application in connection with which fraud on the Office was practiced 
or attempted or the duty of disclosure was violated through bad faith or intentional misconduct. The Office 
encourages applicants to carefully examine: 

(1) Prior art cited in search reports of a foreign patent office in a counterpart application, and 

(2) The closest information over which individuals associated with the filing or prosecution of a 
patent application believe any pending claim patentably defines, to make sure that any material information 
contained therein is disclosed to the Office. 

(b) Under this section, information is material to patentability when it is not cumulative to 
information already of record or being made or record in the application, and 

(1 ) It establishes, by itself or in combination with other information, a prima facie case of 
unpatentability of a claim; or 

(2) It refutes, or is inconsistent with, a position the applicant takes in: 

(i) Opposing an argument of unpatentability relied on by the Office, or 

(ii) Asserting an argument of patentability. 

A prima facie case of unpatentability is established when the information compels a conclusion that a claim is 
unpatentable under the preponderance of evidence, burden-of-proof standard, giving each term in the claim its 
broadest reasonable construction consistent with the specification, and before any consideration is given to 
evidence which may be submitted in an attempt to establish a contrary conclusion of patentability. 

(c) Individuals associated with the filing or prosecution of a patent application within the 
meaning of this section are: 

(1 ) Each inventor named in the application; 

(2) Each attorney or agent who prepares or prosecutes the application; and 

(3) Every other person who is substantively involved in the preparation or prosecution of the 
application and who is associated with the inventor, with the assignee or with anyone to whom there is an 
obligation to assign the application. 

(d) Individuals other than the attorney, agent or inventor may comply with this section by 
disclosing information to the attorney, agent, or inventor. 



INTEL CORPORATION 

Rev. 11/30/98 (D5 INTEL) 



-5- 



